ABSTRACT Driver's disturbance risk preference is defined as the driver's reaction degree to the disturbance, which is one kind of driver's attributes and can be expressed by the disturbance risk preference coefficient. This paper first attempts to investigate the effects of the driver's disturbance risk preference heterogeneity and its system thresholds on traffic flow instability based on a car-following model. An analytical analysis is conducted to obtain the calculation formulas of traffic system unstable threshold and traffic system instability eliminated threshold and traffic flow unstable region headway range, and the calculation method of the probability of traffic congestion caused by a small disturbance under some traffic scenarios, and then, the numerical analysis is carried out to present the main contributions and findings of this paper. It is shown that: 1) when the disturbance risk preference coefficient ratio between the preceding vehicle driver and the following vehicle driver is not less than the traffic system unstable threshold, the traffic flow is always unstable; 2) when the disturbance risk preference coefficient ratio between the preceding vehicle driver and the following vehicle driver is not bigger than the traffic system instability eliminated threshold, the traffic flow instability is completely eliminated; and 3) when the disturbance risk preference coefficient ratio between the preceding vehicle driver and the following vehicle driver is bigger than the traffic system instability eliminated threshold and less than the traffic system unstable threshold, such as for the general traffic situation, the smaller the coefficient ratio, the traffic flow instability is smaller, and vice versa.
I. INTRODUCTION
Traffic flow instability is a property of traffic flow, which is important and undesirable, and its indicator can be velocity, headway or density [1] and it is also measured by the size of the unstable region of traffic flow phase diagram in the headway-sensitivity space [2] - [20] . According to [21] , the driver's disturbance risk preference refers to the driver's reaction degree to the disturbance, which is one kind of The associate editor coordinating the review of this manuscript and approving it for publication was Shaohua Wan.
driver's attribute and can be expressed by the disturbance risk preference coefficient. It has become an urgent problem to be solved that the driver's excessive reaction degree to the disturbances of traffic system leads to the decline of road traffic capacity resulting in traffic demand more than traffic supply and triggering traffic flow instability, and finally causing traffic congestion. The investigation about traffic flow instability is one of the effective measures to reduce traffic flow instability and suppress traffic congestion. Although the driver's disturbance risk preference as a kind of driver's attribute is heterogeneous and has its heterogeneity system thresholds, and both have important effects on traffic flow instability, the investigation on the effects of the driver's disturbance risk preference heterogeneity and its system thresholds on traffic flow instability is very weak and the effects mechanisms are still unknown. To this end, based on a car-following model, this paper firstly attempts to investigate the effects.
The main contributions of this paper are: 1) the calculation formulas of traffic system unstable threshold and traffic system instability eliminated threshold of the driver's disturbance risk preference heterogeneity and traffic flow unstable region headway range under some traffic scenarios are obtained; 2) the calculation method of the probability of traffic congestion caused by a small disturbance under some traffic scenarios are obtained; 3) the effects mechanisms of the driver's disturbance risk preference heterogeneity and its system thresholds on traffic flow instability have been investigated and clarified.
The remainder of this paper is organized as follows. Section II provides a brief review of some relevant research. In Section III, we revisit some definitions and assumptions and DRPFVD model. In Section IV, we conduct the analytical analysis. In Section V, the numerical analysis is done to show and present the main contributions and findings of this paper. Finally, we conclude the paper in Section VI.
II. RELATED WORKS
In this section, we provide a brief review of some relevant research. So far, the existing literatures mostly investigated the effects of various kinds of traffic factors on traffic flow instability, and some scholars studied the effects of the driver's attribute and its heterogeneity on traffic flow instability. It's noted that the driver's attribute is a kind of the specific traffic factors, and drivers' disturbance risk preference heterogeneity is a kind of the driver's attribute heterogeneity.
Many scholars proposed traffic flow models such as carfollowing model to investigate the effects of various kinds of traffic factors on traffic flow instability. For its good mathematical physical properties of the analytical analysis and the numerical analysis, in traffic flow field, especially in traffic physics, the car-following model has received much attention, extensive research and application such as [1] - [20] and [22] - [33] , and scholars proposed the corresponding car-following models to investigate the effects of traffic factors on traffic flow instability. The optimal velocity model (OVM), which is of great importance, was proposed by Bando et al. [2] in 1995. Since OVM was proposed, it has received much extensive research and application; many extended models such as [4] , [6] - [19] have been proposed to investigate the effects of some traffic factors on traffic flow instability. Based on OVM, Jiang et al. [4] proposed an extended car-following model, namely, the full velocity difference model (FVD model); and their investigation showed FVD model was an improvement and had many good properties and could reproduce many traffic phenomena, for example, under certain conditions, traffic flow instability was triggered, causing traffic congestion. In order to obtain the optimal velocity in OVM, in the process of the actual velocity adjustment, drivers not only adjust the distance difference, but also should adjust the velocity difference, and therefore considering the driver could react to the velocity difference between the preceding vehicle and the following vehicle, Xue et al. [6] proposed an extended OVM with the relative velocity, and they showed the relative velocity could reduce traffic flow instability. In order to study the micro-individual vehicle behavior, considering the uncertainty of vehicle acceleration mechanism, Xue [7] proposed a car-following model with randomly considering the relative velocity called as SR-OV model, and the effects of stochastic relative velocity on traffic flow instability were analyzed, and it showed with the probability of considering the relative velocity increasing, a small disturbance would be suppressed more effectively, which also meant the information of the relative velocity could reduce traffic flow instability. In addition to the theoretical research, with the empirical data, a few scholars also studied the effects of some traffic factors on traffic flow instability based on the carfollowing model such as [1] , [27] - [31] , [33] . Jiang et al. [1] reported their experimental and empirical studies on traffic flow instability and based on the experimental and empirical results, they assumed traffic flow instability depended on two factors: one was the stochastic disturbances in traffic system, which tended to increase traffic flow instability, and the other was the drivers' adaptation to the changing velocity, which tended to reduce traffic flow instability. Finally, they obtained many insights such as traffic instability indicator could be better represented by velocity than the density and there was a velocity threshold for traffic flow, and when traffic flow velocity was more than the velocity threshold, traffic flow was likely to be stable and vice versa. Yu and Shi [27] proposed a car-following model and collected some data at a signalized intersection in China and then investigated the effects of the car-following behaviors on traffic flow instability. Considering the effects of the real-time road condition on driving behavior, Tang et al. [28] proposed an extended carfollowing model, and then used the empirical data to calibrate the velocity-headway function under uniform flow; and their investigation showed their model could better describe the effects of the real-time road condition on driving behavior and traffic flow instability. Jiang et al. [29] carried out large scale car-following experiments on an open section of a road and clarified that the car-following process did lead to significant fluctuations in spacing, and they also carried out the experimental analysis and the simulation analysis of the new models. He et al. [30] proposed a nonparametric carfollowing model driven by field data and their investigation showed there was a threshold of the driver error leading to traffic instability and even without the external disturbance, driver errors could also result in traffic oscillations, and the required error might be quite small. He et al. [31] proposed a jam-absorption driving (JAD) strategy in the framework of Newell's car-following theory [32] to suppress traffic oscillations, which was tested by two simulated traffic scenarios constructed based on a realistic data-driven car-following model. Wang et al. [33] investigated the influence of drivers' behavior represented by the level of perceived risk, acceleration and deceleration habits, and reaction characteristics of the driver on the stability of traffic flow with the desired safety margin (DSM) model. They obtained many useful insights and results, which can be used to reduce traffic flow instability and stabilize traffic flow.
Some scholars studied the effects of the driver's attribute and its heterogeneity such as the driver's disturbance risk preference heterogeneity on traffic flow instability with car-following model. For example, taking account of the driver's prevision about the difference between the future velocity and the current velocity of the preceding vehicle, Zhou et al. [10] proposed a new car-following model to investigate the effects of the driver's prevision on traffic flow instability, and their investigation showed this kind of drivers' prevision reduced traffic flow instability. Considering the combined effects of delays and multi-anticipations, Ngoduy [11] showed the delays would increase traffic flow instability and multi-anticipations would reduce traffic flow instability, and the reducing effects was more than the increasing effects. Zeng et al. [12] defined the concepts of drivers' disturbance risk preference and its heterogeneity and proposed the disturbance risk preference heterogeneity model called DRPOV model. Zeng and Zhang [13] proposed an extended car-following model (disturbance risk preference full velocity difference model) called as DRPFVD model and investigated the effects of the drivers' disturbance risk preference heterogeneity on traffic flow instability, when the driver reacted to the velocity difference.
In real traffic, traffic flow is a complex artificial system including many vehicles and drivers, and the driver's disturbance risk preference heterogeneity and its system thresholds have important effects on traffic flow instability. The related research such as [2] - [4] , [6] - [21] , [27] - [31] , [33] on the effects of various kinds of traffic factors such as the driver's disturbance risk preference heterogeneity on traffic flow instability made some achievements, and when the driver's disturbance risk preference heterogeneity system thresholds are considered, the effects of the driver's disturbance risk preference heterogeneity on traffic flow instability change greatly; however, to our knowledge, so far, the existing literatures have not yet investigated the effects of the driver's disturbance risk preference heterogeneity and its system thresholds on traffic flow instability and the corresponding effects mechanisms are not yet clear, and therefore further research is urgently needed.
III. MODEL
In this section, we revisit some definitions and assumptions and DRPFVD model [12] , [13] , [21] .
A. DEFINITIONS AND ASSUMPTIONS
The definitions and assumptions cited are as follows:
1) DEFINITIONS
D t is the disturbance on traffic flow happening at time t. It is noted that the disturbance in this paper refers to the small disturbance which leads to traffic congestion when traffic flow is unstable [1] , [5] ; the disturbance risk preference is the driver's reaction degree to the disturbance, which is a kind of driver's attributes and can be expressed by the disturbance risk preference coefficient; the disturbance distance is the change of the vehicle location due to the disturbance D t . Under normal driving conditions, the vehicle follows the driver's will on the road and the disturbance distance is the result of the driver's disturbance reaction; the disturbance risk preference coefficient is the ratio of the disturbance distance caused by D t of the vehicle driven by a driver to the disturbance distance caused by D t of the vehicle driven by the neutral driver, which can be expressed by β n,D t (t); more specifically, we define:y m n (t, 1) is the disturbance distance caused by D t of the vehicle driven by the neutral driver, which can be obtained by the real traffic survey, and the superscript m means the driver is the neutral and 1 means β m n,D t (t) = 1; y n (t, β n,D t (t)) is the disturbance distance caused by D t of the vehicle driven by a driver, which also can be obtained by the real traffic survey; according to the definition,
the disturbance risk preference heterogeneity refers to for the same disturbance, different drivers make different reaction degrees, which are showed by the different disturbance risk preference coefficients. β n,D t (t) is a time and space variable and an external expression of the driver's disturbance risk preference activated when the driver meets the disturbance and decided by the driver's individual factors at time t, such as personal experiences, psychological factors and so on, and changes with time and space; the disturbance risk preference coefficient ratio between the preceding vehicle driver and the following vehicle driver:
.., N − 1) and according to β n,Dt (t) > 0, we have H n,Dt (t) > 0; for simplicity, we assume all disturbance risk preference coefficient ratios between the preceding vehicle driver and the following vehicle driver are the same, which means
2) ASSUMPTIONS 1) According to the type of the disturbance risk preference, drivers are divided into three types: the preference: the driver makes overreaction to the disturbance, namely, the driver prefers the reaction to the disturbance, which is represented by y n (t, β n,D t (t)) > y m n (t, 1) and β n,D t (t) > 1; the neutral: the driver makes general reaction to the disturbance, namely, the driver likes the reaction to the disturbance moderately, which is represented by y n (t, β n,D t (t)) = y m n (t, 1) and β n,D t (t) = 1; and the aversion: the driver makes underreaction to the disturbance, namely, the driver is averse to the reaction to the disturbance, which is represented by 0 < y n (t, β n,D t (t)) < y m n (t, 1) and 0 < β n,D t (t) < 1 and when the driver is the extreme aversion, the driver does not react to the disturbance, namely, the driver is extremely averse to the reaction to the disturbance, which is represented by y n (t, β n,D t (t)) = 0 and β n,D t (t) = 0, and doesn't exist in the real traffic [12] , [13] , [21] .
2) Generally speaking, β n,D t (t) changes very slowly over time, and in order to simplify the analysis and without loss of generality, we assume ∂β n,D t (t)/∂t = 0 [12] , [13] , [21] .
B. DRPFVD MODEL
DRPFVD model is as follows [13] :
where v n (t, β n,D t (t)) is the velocity of the following vehicle n at time t; V (·) is the optimal velocity function;
) is the headway of the following vehicle n at time t, and x n+1 (t, β n+1,D t (t)) and x n (t, β n,D t (t)) are the locations of the preceding vehicle n + 1 and the following vehicle n at time t, respectively; a represents the driver's sensitivity;
) is the velocity difference of the following vehicle n at time t, and v n+1 (t, β n+1,D t (t)) is the velocity of the preceding vehicle n + 1 at time t; r is the driver's velocity difference reaction coefficient. v max is the maximum velocity and h c is the safe distance between vehicles. When β n,D t (t) = 1, DRPFVD model is FVD model. Compared with FVD model, DRPFVD considers the driver's disturbance risk preference heterogeneity and can be used to investigate and clarify the effects mechanisms of the driver's disturbance risk preference heterogeneity and its system thresholds on traffic flow instability, which is the main innovation of DRPFVD model and in line with the reality.
IV. ANALYTICAL ANALYSIS
In this section, we conduct the analytical analysis of the effects of the driver's disturbance risk preference heterogeneity and its system thresholds on traffic flow instability based on DRPFVD model.
Making a linear stability analysis of DRPFVD model similar to [2] - [5] , the neutral stability curve equation of DRPFVD model obtained by [13] is as follows:
where h = L/N and L is the road length and N is the vehicle number and
Traffic flow instability condition of DRPFVD model obtained by [13] is as follows:
and according to [4] , traffic flow instability condition of FVD model is
Equation (5) shows traffic flow instability condition depends on the disturbance risk preference coefficient ratio between the preceding vehicle driver and the following vehicle driver, and for simplicity, we assume
is a constant. The effects of the ratio H n,D t (t) heterogeneity on traffic flow instability will be further investigated.
For V (h) > 0, and therefore when the right-hand side of (5) is not bigger than 0, traffic flow instability condition always holds, which means traffic flow is always unstable, when
Solving (7) gives:
When (7) holds, traffic flow is always unstable and therefore we define
as the driver's disturbance risk preference heterogeneity traffic system unstable threshold. Next, we derive the driver's disturbance risk preference heterogeneity traffic system instability eliminated threshold.
According to V (h) > 0, for (4), we have
We call the headway range of the unstable region of traffic flow phase diagram in the headway-sensitivity space as traffic flow unstable region headway range and combining (3) and (4), we have traffic flow unstable region headway range [ x l , x r ] and its minimum headway x l and maximum headway x r under some traffic scenes as follows:
Combining (10) and (11), when (14) as the driver's disturbance risk preference heterogeneity traffic system instability eliminated threshold. Furthermore, set:
Solving ( 
Furthermore, set f (H ) = (a + 2r) + 4ar 2 (1 − H 2 ) and therefore, we have
According to (10) and (11b), for x l (H ), (a + 2r) + 4ar 2 (1 − H 2 ) > 0, and therefore we have
Combining f (H u ) = 0 and (18) and (19), we have
According to (17) and (20), we have:
where the value of H 0 can be calculated by x l (H ) = 0, whose analytic solution is complex and difficult to obtain, but it doesn't affect our analysis. For x ≥ 0, we define
as the general traffic situation. During H e < H ≤ H 0 < H u ,
∂H < 0, which means the smaller H , traffic flow unstable region headway range [ x l , x r ] is smaller, and therefore traffic flow instability is smaller and vice versa.
In the unstable region, small disturbances grow in traffic flow and can finally lead to traffic congestion [1] , [5] . We define traffic congestion caused by a small disturbance in the unstable region as the small disturbance traffic congestion and the corresponding probability of traffic congestion is the probability of the small disturbance traffic congestion hereafter. Set the headway distribution function is F( x), then, under a certain traffic situation, the probability of traffic congestion caused by a small disturbance, namely, the probability of the small disturbance traffic congestion is
To sum up, in a certain traffic scenarios such as the driver's sensitivity and velocity difference reaction coefficient are given, considering the effects of the driver's disturbance risk preference heterogeneity and its system thresholds on traffic flow instability, we finds: when H ≥ H u , traffic flow instability condition always holds and traffic flow is always unstable; when 0 < H ≤ H e , traffic flow unstable region headway range is zero and therefore traffic flow instability is completely eliminated; and when H e < H < H u , such as for the general traffic situation H e < H ≤ H 0 < H u , ∂ x r ∂H > 0, ∂ x l ∂H < 0, which means the smaller H , x l is bigger and x r is smaller, and therefore traffic flow unstable region headway range [ x l , x r ] is smaller, namely, traffic flow instability is smaller and vice versa.
V. NUMERICAL ANALYSIS
This section carries out the numerical analysis to show and present the main contributions and findings of this paper by Matlab. Note that similar to [2] - [21] , the values of parameters are set experimentally and these data do not correspond to reality but illustrate the logic required by the models and the analytical analysis in this paper; and combining the optimal velocity function (3) and the optimal velocity function of [2] , [3] , [5] - [9] setting v max = 2, we set v max = 2 m/s and h c = 2m. When r = 0.2 s −1 , we have traffic flow instability phase diagram with different coefficient ratios H as follows: Fig. 1 shows when 0 < H ≤ H e , traffic flow unstable region headway range is zero and therefore traffic flow instability is completely eliminated; and when H e < H < H u , such as for the general traffic situation H e < H ≤ H 0 < H u , the smaller H , the unstable region and traffic flow unstable region headway range are smaller, which means traffic flow instability is smaller and vice versa. More specifically, Fig. 1 shows for the case a = 7 s −1 and r = 0.2 s −1 , Fig.1 shows and presents the major contributions 1) and 3) and findings 2)-3) of this article.
Next, we investigate the effects of the driver's disturbance risk preference heterogeneity and its system thresholds on traffic flow unstable region headway range and the probability of the small disturbance traffic congestion in some traffic scenes, and show and present other major contributions and findings of this article. For simplicity without loss of generality, the headway probability distribution is assumed to be the uniform distribution, and therefore the headway distribution function is:
where x max and x min are the maximum headway and the minimum headway, respectively; letting x max = 8m, x min = 0m, we have the probability of the small disturbance traffic congestion in some traffic scenes as follows:
Therefore, we can obtain under some traffic scenarios, the effects of the driver's disturbance risk preference heterogeneity and its system thresholds on traffic flow unstable region headway range and the probability of the small disturbance traffic congestion as follows:
Under some traffic scenarios, the effects of the driver's disturbance risk preference heterogeneity and its system thresholds on traffic flow unstable region headway range and the probability of the small disturbance traffic congestion. ≤ x ≤ x r ) are zero and therefore traffic flow instability is completely eliminated. For example, in Fig. 2(a) , for the case a = 0.6 s −1 and r = 0.2s −1 , H e = 0.5343 and H u = 3.3789, and when 0 < H ≤ H e = 0.5343, [ x l , x r ] and p( x l ≤ x ≤ x r ) are zero. Fig. 2(a)-(c) show when H ≥ H u , x l and x r don't exist and [ x l , x r ] is very large, and at this time, traffic system is always unstable, which mean the small disturbance traffic congestion occurs. For example, in Fig. 2(b ≤ x ≤ x r ) = 1. Fig. 2(a) -(e) show when H e < H < H u , such as for the general traffic situation H e < H ≤ H 0 < H u , the smaller H , x r and x l more tend to the safe headway h c , and therefore traffic flow unstable region headway range [ x l , x r ] is smaller, and the probability of the small disturbance traffic congestion p( x l ≤ x ≤ x r ) is smaller. For example, in Fig. 2(c) , for the case a = 1.8s −1 and r = 0.067 s −1 , H e = 0.968 and H u = 7.7998, and for the general traffic situation, 0.968 = H e < H ≤ H 0 < H u = 7.7998, at this time, the smaller H , x r and x l more tend to the safe headway h c = 2m, the smaller [ x l , x r ] and p( x l ≤ x ≤ x r ). Fig.2 shows and presents the major contributions 1) -3) and findings 1)-3) of this article.
Furthermore, in some traffic scenes, we have the phase diagram specifically calculating traffic flow unstable region headway range and the probability of the small disturbance traffic congestion with different H when the headway probability distribution is the uniform distribution as follows: Fig. 3 shows in some traffic scenes, when the headway probability distribution is the uniform distribution, traffic flow unstable region headway range and the probability of the small disturbance traffic congestion with different H . Fig. 3(a) shows the case a = 1.2 s −1 and r = 0.2 s −1 and Fig. 3 Furthermore, considering the headway probability distribution can be other probability distributions and the normal distribution is a very important probability distribution in mathematics, physics, engineering and other fields and has great influence in many aspects of statistics, we carry out an experiment when the headway probability distribution is assumed to be the normal distribution, namely x ∼ N (µ, δ 2 ), where µ is the mean value of headway and δ is the standard deviation of headway. Therefore, the probability of the small disturbance traffic congestion is
where (·) represents the standard normal distribution function. As mentioned above x max = 8m and x min = 0m, for simplicity, we set µ = x max + x min 2 = 4m and δ = 1.15m. Thus, at this case, we have the phase diagram specifically calculating traffic flow unstable region headway range and the probability of the small disturbance traffic congestion with different H when the headway probability distribution is the normal distribution as follows: Fig. 4 shows in some traffic scenes, when the headway probability distribution is the normal distribution, traffic flow unstable region headway range and the probability of the small disturbance traffic congestion with different H . Fig. 4(a) shows the case a = 1.2 s −1 and r = 0.2 s −1 and Fig. 4(b) represents the case a = 0.6 s −1 and r = 0.2 s −1 . Fig. 4 is consistent with Fig. 3 on the whole and shows for the general traffic situation, in some traffic scenes, with the same H , the probability of the small disturbance traffic congestion when the headway probability distribution is the normal distribution is smaller than the probability of the small disturbance traffic congestion when the headway probability distribution is the uniform distribution. For example ,when H = 2, for the case a = 1. Fig.4(a) , which is smaller than p( x l ≤ x ≤ x r ) = 3.3032−0.6968 8 = 32.58% in Fig.3(a) ; for the case a = 0.6 s −1 and r = 0. Fig.4(b) , which is smaller than VOLUME 7, 2019 = 37.71% in Fig.3(b) . Obviously, Fig. 3 and Fig. 4 show when H = 2, traffic flow unstable region headway range and the probability of the small disturbance traffic congestion are large, and therefore traffic flow instability is large. Using the same method, for other cases, traffic flow unstable region headway range and the probability of the small disturbance traffic congestion, namely, traffic flow instability also can be specifically analyzed. Fig.3 and Fig.4 shows and presents the major contributions 1) -3) and findings 2)-3) of this article.
VI. CONCLUSION
Traffic flow is a complex system under the coupled action of human -vehicle -road -environment, and the driver's disturbance risk preference as a kind of driver's attribute is heterogeneous and has its heterogeneity system thresholds, and both have important effects on traffic flow instability. However, the investigation on the effects of the driver's disturbance risk preference heterogeneity and its system thresholds on traffic flow instability is very weak and the effects mechanisms are still unknown. To this end, this paper completed the work based on a car-following model. Investigation obtains the calculation formulas of traffic system unstable threshold and traffic system instability eliminated threshold of the driver's disturbance risk preference heterogeneity and traffic flow unstable region headway range and the calculation method of the probability of traffic congestion caused by a small disturbance under some traffic scenarios, and finally the effects mechanisms of the driver's disturbance risk preference heterogeneity and its system thresholds on traffic flow instability have been investigated and clarified. The numerical analysis shows and presents the main contributions and findings of this paper.
Look out our findings, several stand out: 1) when the disturbance risk preference coefficient ratio between the preceding vehicle driver and the following vehicle driver is not less than traffic system unstable threshold, traffic flow is always unstable; 2) when the disturbance risk preference coefficient ratio between the preceding vehicle driver and the following vehicle driver is not bigger than traffic system instability eliminated threshold, traffic flow instability is completely eliminated; and 3) when the disturbance risk preference coefficient ratio between the preceding vehicle driver and the following vehicle driver is bigger than traffic system instability eliminated threshold and less than traffic system unstable threshold, such as for the general traffic situation, the smaller the coefficient ratio, traffic flow instability is smaller and vice versa. These insights provide the scientific basis for reducing traffic flow instability and suppress traffic congestion.
The following aspects are our future research directions: 1) relaxing some assumptions such as incorporating the disturbance risk preference coefficient ratio heterogeneity in traffic flow is our future research direction; 2) we also plan to further investigate the effects of the driver's disturbance risk preference heterogeneity and its system thresholds on traffic flow instability with real traffic data, for example, obtain the headway probability distribution and the actual probability of the small disturbance traffic congestion with real traffic data, and then calculate the probability of the small disturbance traffic congestion, and finally compare the calculation probability of the small disturbance traffic congestion with the actual probability of the small disturbance traffic congestion; 3) this paper preliminarily discusses the practical significance of the research, and therefore, it is our research direction to further explore the practical significance of the research.
